Purpose: During the mechanical ventilation weaning process, the spontaneous breathing trial (SBT) is the confirmatory test of patients' capability to breathe unassisted. However, the SBT interobserver agreement rate (its reliability) is unknown, and our objective was to evaluate it. Materials and Methods: This is a prospective, multicentric and observational study. Patients were included when the SBT criteria were fulfilled. Two physicians and 2 respiratory therapists (RTs) rated each SBT. The SBT interobserver agreement was measured using κ statistic and also the percentage of agreement with its 95% credible interval (CrI) calculated by a Bayesian inference. Results: Ninety-three distinct physicians and 91 distinct RTs rated 130 SBTs. The κ coefficient was 0.46 for physicians and 0.57 for RT, indicating a moderate interobserver agreement rate. The percentage of agreement was 87.7% between physicians (95% CrI, 81.0%-92.3%) and 86.2% between RT (95% CrI, 79.2%-91.1%). The physicians' and RT' percentage of agreement were not statistically different (P = .71). Conclusions: The SBT interobserver agreement rate is only moderate for physicians and RT. The percentage of agreement between 2 different SBT observers is 79.2% to 92.3%. Therefore, a relevant percentage of patients will have different extubation decisions depending on the SBT observer.
Introduction
Mechanical ventilation is indispensable to many critically ill patients, but due to its complications as ventilator-induced lung injury, ventilator-associated diaphragmatic dysfunction, and ventilator-associated pneumonia and due to its discomfort [1, 2] , it should be removed without delay. The mechanical ventilation weaning begins with the recognition that is possible to decrease the patient's dependency on the mechanical ventilation. If the weaning runs successfully, the final step will be a confirmatory test [3] . This confirmatory test is a diagnostic test because it intends to diagnose if the patient is able or not to reassume the unassisted breathing; in other words, it intends to determine the likelihood of a successful extubation. The spontaneous breathing trial (SBT) is the confirmatory test of the weaning process and has a large and increasing use worldwide [4] .
As for any diagnostic test, SBT should have a high accuracy and reliability or at least these characteristics should be known [5, 6] . Unfortunately, this is not the case of the SBT because, although some information about its accuracy is known [3, 7] , its reliability is unknown. The reliability of an observational test, as the SBT, is determined by the agreement between different observers. A low interobserver agreement rate means a low test reliability and vice versa.
Failure of the SBT is defined by objective indices as tachypnea, tachycardia, and hypertension and also by subjective indices, such as agitation, distress, depressed mental status, and evidence of increasing effort [3] . If the SBT judgment was based only on the objective indices, it would be expected a total interobserver agreement. However, the SBT judgment is also based on subjective indices that probably decrease the SBT interobserver agreement (reliability) to an unknown amount.
The objective of the present study is to measure the SBT interobserver agreement of physicians and respiratory therapists (RTs).
Methods
We designed an observational, prospective, and multicentric study that was conducted in 6 intensive care units (ICUs) of 3 teaching hospitals from August 2009 to May 2010 (Appendix E1). The institutional review board of the 3 hospitals approved the study. All participants gave written informed consent.
Weaning protocol
The 3 centers have protocols to guide the weaning process. Patients were daily screened, and a SBT was indicated when the disease for which the patient was intubated had improved, the oxygenation was adequate (PaO 2 /fraction of inspired oxygen ≥ 150 with fraction of inspired oxygen ≤ 40% to 50% and positive end-expiratory pressure [PEEP] ≤ 5 to 8 cm H 2 O), the cardiovascular status was stable (vasoactive drugs absent; heart rate b 120 beats per minute without acute arrhythmia), the patient was awake with coughing during endotracheal suctioning, core temperature was less than 38.0°C and hemoglobin level greater than 7.0 g/dL or at a level considered acceptable by the primary physician. The SBT was performed using a T-tube with supplemental oxygen or using pressure support ventilation with a level 5 cm H 2 O or less and PEEP 5 cm H 2 O or less, both lasting up 30 minutes. If the SBT was tolerated, patients were extubated after 30 minutes. Failure of the SBT was decreed if one of the objective or subjective criteria were persistently present: respiratory rate 35 breaths per minute or higher, oxygen saturation as measured by pulse oximetry 88% or less, heart rate 140 beats per minute or higher or acute arrhythmia, systolic blood pressure 90 mm Hg or less or 180 mm Hg or higher, facial signs of distress, increased accessory muscle activity, intense agitation, or depressed level of consciousness.
Observers and patients
Two physicians and 2 RTs of the regular ICU staff rated each SBT. We divided physicians and RT in 2 categories. The primary physician and primary RT (primary professionals) were those caring for the patient on the day of the study, and the nonprimary physician and nonprimary RT (nonprimary professionals) were those of the regular ICU staff but not caring for the patient.
Patients older than 18 years and mechanically ventilated for more than 48 hours were consecutively included when the primary physician ordered a SBT. Only 1 SBT was observed per patient that was included only once in the same hospital admission. Patients did not receive any intervention due to the study.
Study design
After the primary physician had ordered the SBT for the primary RT, a researcher who supervised the study but remained uninvolved in management decisions invited a nonprimary ICU physician and a nonprimary RT to observe and rate the SBT as failure or success. The observers were instructed to consider the success of the SBT only when they considered that the patients were able to be extubated. The researcher summarized the patients' clinical conditions and examinations to the nonprimary professionals. The same researcher observed the SBT and requested that the 4 observers did not externalize their impressions during the SBT. At the moment that the primary physician declared the SBT ending, the verdicts of the 4 observers were covertly pointed in a chart. Immediately before and at the last minute of the SBT, we recorded the ventilatory and hemodynamic parameters of the patients (Fig. 1 ). The clinical decisions and management of the SBT were at the discretion of primary physician.
Statistical analyses
We measured the SBT interobserver agreement of 2 different pairs: physicians and RT.
The interobserver agreement was measured using the percentage of agreement between observers with its 95% credible interval (CrI) calculated using a Bayesian inference. The interobserver agreement was also measured using κ statistic.
Statistic
We calculated the Cohen κ coefficient [8] and classified the agreement strength as previously proposed [9] .
Bayesian inference
First, we calculated the percentage of agreement (see "Methods" section for further details). However, the percentage of agreement is influenced by chance, so we quantified the uncertainty of the measured percentage of agreement using a Bayesian inference, the normalized likelihood function [10] [11] [12] [13] [14] .
Likelihood is the expression of a belief in a parameter value given some observed outcome. In frequentist inference, a given value of the parameter returns the density of the different frequencies, and in Bayesian inference, a given frequency returns the density of the different parameters (in the present study, the percentage of agreement).
Briefly, we recorded the frequencies of agreements and disagreements of the SBT verdict in our sample. With these frequencies, we calculated the posterior probability distribution as follow:
where, θ is the unknown parameter of interest, x is the observed frequency (known) and y = n − x, for n denoting the sample size. In the present study, θ is the unknown percentage of agreement; x (y) is the frequency of agreement (disagreement) observed; a and b are real numbers that represent our prior information about the population parameters (prior sample). If there is no prior information, we consider the normalized likelihood as the posterior density, so a = b = 1.
Results were expressed as mean and SD or median and 25% to 75% interquartile range. The percentages of agreement were compared using the χ 2 test. The statistical software SPSS 19.0 (IBM Corporation, Somers, NY) and R (R Development Core Team, Vienna, Austria) were used.
Results

Patients' and observers' characteristics
One hundred thirty SBTs were observed and rated. The numbers of SBT per center were 60 (46.2%), 45 (34.6%), and 25 (19.2%). The mechanical ventilation length of stay before the SBT was 5.6 days (SD, 3.4) . The diagnoses at ICU admission and intubation causes are depicted in Table E1 . One hundred twelve SBTs (86.2%) were the first SBT attempt; 85 SBTs were performed with low level of pressure support; and 45, through a t-tube. The SBT duration median was 38 minutes (interquartile range, 30-120). The reintubation rate was 11.5%. The ventilatory and hemodynamic parameters of the patients are depicted in Table 1 .
Ninety-three distinct physicians and 91 distinct RTs participated in the study (Table E2 ).
Differences in the SBT verdicts
The percentage of SBT failures varied according to group that rated it. The RT considered failure of the SBT more frequently than their physician peers. The nonprimary professionals considered failure of the SBT more frequently than their primary peers ( Table 2) . 
Spontaneous breathing trial interobserver agreement
The κ coefficient was 0.46 for physicians and 0.57 for RT, which is a moderate interobserver agreement for both categories of observers.
The physicians agreed in 114 SBTs and disagreed in 16 resulting in a percentage of agreement of 87.7% with a 95% CrI of 81.0% to 92.3%. The RT agreed in 112 SBT and disagreed in 18 resulting in a percentage of agreement of 86.2% with a 95% CrI of 79.2% to 91.1% (Fig. 2) . The percentages of agreement of physicians and RT were not statistically different (87.7% × 86.2%; P = .71).
Considering the 16 SBTs, which the physicians disagreed, in 13 (81%), the objective indices that defined a SBT failure were absent. In the other 3 SBTs, the objective index of SBT failure was tachypnea. Considering the 18 SBTs, which the RT disagreed, in 16 (89%), the objective indices of SBT failure were absent. In the other 2, the objective indices of SBT were systolic hypertension or tachycardia.
Discussion
The SBT is a pivotal diagnostic test in the intensive care medicine, but its interobserver agreement (reliability) was unknown hitherto. We showed that the interobserver agreement of a SBT is moderate and that the percentage of agreement between 2 different observers is 79.2% to 92.3%.
Hypotheses for the imperfect SBT interobserver agreement
We hypothesized that there are 2 reasons for the imperfect agreement between 2 observers of the same SBT. The first reason is the high amount of subjective indices (agitation, distress, depressed mental status, diaphoresis, and evidence of increasing effort) presented in the judgment of a SBT [3] . The second reason is that the judgment of a SBT is a decision making, and it is subject to the factors that influence any decision making, medical [15] or not [16] .
We did not ask to the observers the reason why they considered that the SBT failed, but at the beginning and ending of the SBT, we recorded the objective indices involved in the SBT judgment. In more than 80% of the SBTs that the observers disagreed, the objective indices that defined a SBT failure were absent, allowing us to infer that the disagreement was predominantly caused by the presence of the subjective indices.
The subjective indices may be signaling a marked increase in respiratory load or may be neuropsychologic signals in a patient with anxiety or delirium but without a prohibitive increase in the respiratory load, therefore, able to be extubated. In a study about the pathophysiologic basis of acute respiratory distress in patients who failed a SBT [17] , the authors found that 20% of patients that failed a SBT had the same respiratory mechanics as those that succeed the trial. They hypothesized that a misjudgment of the SBT could be the cause of the failure and that the psychiatry alterations could have contributed to the misjudgment. In fact, the incidence of psychiatry alterations in weaning patients as delirium [18] , anxiety, and depression [19] is high. In our population, the 3 patients with objectives indices of SBT failure and that the physicians disagreed about the SBT had delirium in the study day, suggesting that 1 physician considered the objective index of failure as a marker of increased respiratory load and the other considered it as a neuropsychologic signal derived from anxiety or delirium.
Use of 2 methods to measure the interobserver agreement
The present study evaluated the interobserver agreement with 2 different statistical methods, the κ statistic, and a Bayesian inference based on the normalized likelihood function. Since 1960 [8] , κ statistic is the method used in medical studies dedicated to evaluate the interobserver agreement, but it has several limitations [20] [21] [22] [23] [24] that impelled the researchers to an alternative [24, 25] . The percentage of agreement between the different observers complemented with the estimation of its uncertainty is a more direct and intuitive evaluation than κ and allows the comparison of interobserver agreement among different studies and populations.
The likelihood function demands massive calculations that probably avoided its use in the first studies devoted to measure interobserver agreement, but this is not a limitation nowadays due to high computational capacity. Considering the aforementioned, we propose that the likelihood function be offered as an alternative or complementary method to measure the interobserver agreement.
Differences in the SBT verdicts
We noticed that the primary professionals were more liberal to consider an extubation than their nonprimary peers. We hypothesized that the higher primary professional's knowledge about the patient's clinical conditions may turn them more confident to decide on extubation, especially to differentiate a marked increase in respiratory load from the neuropsychologic signals of patient with anxiety or delirium. In addition, a deeper knowledge about the cough and muscular strengths may turn the primary professionals more confident to consider an extubation.
We also noticed that the physicians are more liberal to consider an extubation than the RT. We hypothesized that the RTs are more conservative because they may take in account other variables that are less evident to physicians, such as cough intensity and tracheal secretions characteristics. The RT conservativeness about the extubation may be relevant in the ICU where the RTs execute the SBT and declare the result to the physician. In that organizational structure, the RT would report more SBT failures than the physicians would consider, probably leading to an increase in the mechanical ventilation length of stay. This is important to note that our study cannot conclude the reasons for the differences in SBT verdicts between physicians and RT or primary and nonprimary professionals.
We decided to evaluate the interobserver agreement rate of physicians and RT because both are usually involved in the initiation, monitoring, and judgment of a SBT [26] . However, in other hospitals, the role of the RT is performed by nurses.
Implications of the SBT interobserver agreement
Because the SBT is a diagnostic test that brings about import prognosis and treatment decisions [27, 28] , it ideally should have a perfect interobserver agreement that would turn it independent from the observer. However, we demonstrated that the interobserver agreement is only moderate and around 10% to 20% of the decisions to extubate the patient would be different with different observers. We believe that the present study reinforces the need for a better confirmatory test of mechanical ventilation weaning process because the SBT reliability is not adequate and the sources of this unreliability that are the subjective indices are not remediable. On the other hand, the disagreement among the ICU team might be positive if it prompts a team discussion regarding the causes of SBT failure, its approach, and treatment.
Limitations
One limitation of the present study is that the observers could be influenced by the primary physician verdict. A fundamental assumption underlying the measure of the interobserver agreement is that the observers are independent [29] . We tried to preserve the independence of the observations, but due to the nature of the SBT, it is impossible to avoid any hint from the primary physician. However, if some observations were not independent, the κ coefficient would be overestimated that would only reinforce the inadequate interobserver agreement because a true κ and percentage of agreement would be even lower. Another limitation already mentioned is that we did not ask to the observers the reason or reasons why they considered that the SBT failed. However, we recorded the objective indices involved in the SBT judgment at the beginning and ending of the SBT that allows us to notice that in most of the SBT disagreement, the objective indices of SBT failure were absent. This observation leads us to infer that the subjective indices were the cause of the disagreement.
Conclusions
The SBT interobserver agreement rate is only moderate for physicians and RT. The percentage of agreement between 2 different SBT observers is 79.2% to 92.3% without difference between physicians' and RT' percentage of agreement. Therefore, a relevant percentage of patients will have different extubation decisions depending on the SBT observer that reinforces the need for a better confirmatory test on the patients' capability to breathe unassisted. The present study also noted that respiratory therapists consider failure of the SBT more frequently than physicians. Finally, we offer an alternative method to measure interobserver agreement that is more intuitive than κ statistic and also allows the comparison of interobserver agreement among different studies and populations.
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